The results obtained during the course of present study are presented and discussed in this chapter. This part of the thesis elucidates isolation of microbes from different habitats, screening for amylase activity, identification of the isolate by Bergey's manual of Bacteriology and ribotyping, media optimization for amylase production in submerged and solid state fermentation. In addition, purification and characterization of the amylase and its application potentials are discussed.
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OPTIMIZATION OF SUBMERGED FERMENTATION CONDITIONS FOR AMYLASE PRODUCTION
Any product production by biological system mainly depends on genetic nature of the organism, fermentation medium components and their concentration, physiological growth conditions and interactive influence of all above factors. Hence, medium development (formulation) is an essential prerequisite to get higher productivity (Pandey et al, 2000) . In fact, several authors reported increased productivity values of microbial enzymes under optimized environment (Prakasham et al, 2005) . In general, ideal production medium must meet as many criteria as possible according to Stanbury et al, (1997) . Therefore, in the preliminary stage, it was planned to develop/formulate a suitable production medium for amylase production from Aspergillus niger MK 07 by studying the effect of various culture factors on amylase production in a conventional methodology followed by optimization of nutritional parameters by Plackett-Burman (PB) design.
Initially, the following major physiological fermentation parameters which influence the production of amylase by Aspergillus niger MK 07 were investigated by conventional methodology while the selection of carbon and nitrogen sources were performed using PB design and the composition of the production media used was Sucrose 30 g/l, Magnesium sulphate 1 g/l,
Potassium chloride 1 g/l, Ferrous sulphate 0.05 g/l, Peptone 5 g/l,
Potassium phosphate 1 g/l, Corn steep liquor 10 g/l and to the media added 1000 ml of distilled water and pH was adjusted to 5.0 and the media was 
ROLE OF INCUBATION TIME
Maximum enzyme production could be obtained only after a certain incubation time which allows the culture to grow at a study state (Pandey et al, 2000) .Enzyme production of each strain is based on the specific growth rate of the strain. Growth rate and enzyme synthesis of the culture are the two main characteristics which are mainly influenced by incubation time (Ellaiah et al 2002) .The results of the present experiment reveals that the isolated strain MK 07 when incubated for a period of 120 h the strain showed an increase in amylase activity till a period of 72 h and upon further increase in incubation period the growth started declining. The maximum amylase activity by the isolated Aspergillus niger strain was observed at 72 h and the maximum amylase activity obtained was 55 U/ml. Samples were collected at regular intervals of 12 h periods. The growth pattern revealed an increase in enzyme production from 12 h to 72 h and on further incubation the amylase production declined indicating 72 h as optimal incubation period for the isolated strain. Kathiresan et al, (2005) with strain Penicillium reported similar kind of enzyme production pattern with increase in enzyme production till a certain period of 96 h and on further incubation, enzyme production decreased. Maximum amylase production obtained with that strain at 96 h was 136 U/ml. figure and 
INFLUENCE OF TEMPERATURE
Temperature is one of the most important parameter to be optimized for maximum enzyme production. Optimum temperature for maximum enzyme production depends on the characteristics of the strain (Adinarayana et al, 2005) . In submerged and SSF fermentation, temperature plays a very important role in enzymatic synthesis (Lonsane et al 1990) . The were performed at this incubation temperature.
INFLUENCE OF pH
Amylase production by microbial strains strongly depends on the extracellular pH as culture pH strongly influences many enzymatic reactions and also for the transport of various components across the cell membrane The effect of initial medium pH on biomass growth and amylase yield was studied at 30 o C. Different initial medium pH values (3.5-6.5) were used for the study. The fermentations and assays were carried out in triplicate as per the general procedures. Growth and amylase production were observed in all studied pH environments. However, the influence of pH on growth and enzyme production could be seen. Maximum biomass and enzyme production (63 U/ml) were observed at pH 5.0 and minimum production (<10 U/ml) was noticed at pH 6.5. These results are shown in figure 4.3.3.
INFLUENCE OF VARYING CONCENTRATIONS OF INOCULUM
Varying concentrations of Inoculum levels were studied in this experiment and the various range of inoculum (%) selected in this experiment ranged from 3% to 15%. Enzyme production varied with percentage of inoculum and the maximum enzyme production was 61 U/ml with 5% Inoculum. Increase of inoculum level from 5% to 10% or 15%
showed a marginal decrease in amylase production.
Initial microbial load to a medium does affect the growth and inturn metabolite production. To study the effect of inoculum level, experiments were conducted using 3-15 % of inoculum (v/v) using fermentation medium adjusted to a pH of 5 and by incubating at 30 o C. The culture was grown for 18 hrs and having optical density of 0.8 was used for experimentation. The results indicated that the growth and amylase production increased with increase in the level of inoculum up to 5 % and further increase resulted in a decrease in both (biomass and enzyme) production values. Maximum enzyme production (61 U/ml) was noticed with inoculum (5%) and further increase in inoculum level did not increase any enzyme production.
Approximately 30 % variation in enzyme production was observed with increase of inoculum concentration from 3 to 5 %. Kunamneni et al. (2005) reported highest enzyme production with an inoculum level of 10% (v/v) and the maximum amylase production obtained was 281 U/ml. The results are shown in figure and table 4.3.4.
EVALUATION OF DIFFERENT CARBON SUBSTRATES IN THE PRODUCTION MEDIUM
Several carbon substrates like Glucose, Starch, Maltose, Lactose, and Sucrose were tested to evaluate the enzyme production by SmF. On supplementation of various carbon substrates maximum enzyme production was exhibited by Sucrose (3% w/v). Results showed different impact on enzyme production with different substrates. The maximum enzyme production obtained was 69 U/ml with 3% w/v Sucrose. Glucose and starch when supplemented as additional carbon substrate to the medium has resulted in enhanced enzyme production. Among the tested substrate sucrose and glucose resulted in enhanced enzyme production. 
EVALUATION OF VARYING CONCENTRATIONS OF CSL TO THE PRODUCTION MEDIUM
The effect of varying concentrations of CSL as nitrogen sources was studied with supplementation to the production medium and the results were further analysed. A control flask was maintained without additional CSL supplementation. CSL supplementation of 1%, 2% 3%, 4% were tested in the study. Among the varying percentages of CSL, 2% supplementation of CSL has showed an enhanced enzyme production. Maximum enzyme production was obtained with CSL (2% v/v). Maximum enzyme production obtained was 84 U/ml. 1% CSL supplementation also showed a considerable amount of increase in amylase production compared to the control. 3% and 4% supplementation of CSL to the medium has not resulted in enhanced enzyme production. Shah et al, (1990) et al., 1990 ). Any mathematical model development for a particular fermentation process requires the basic information regarding consumption pattern of medium components, growth of the microbial strain and product formation especially in terms of metabolite production even after the growth is completed. The growth rate at different substrate concentrations is also to be evaluated. Since, the Aspergillus niger MK 07 has shown the potential in industrial use, further modelling experiments were carried out to understand the relation between the substrate consumption with respect to biomass growth and amylase production values. And the results were analysed for economic and effective productivity using the developed unstructured model.
FERMENTER STUDY
Two culture media A and B were tested in Fermentor for the production of alpha amylase by isolated Aspergillus niger MK 07 strain. The production of enzyme following growth of the organism was obtained after 36 and 48 hours by media A and media B respectively.
Kinetic study and volumetric rates of enzyme formation and biomass revealed that the medium B gave better results compared to medium A and hence for further studies medium B was selected. 
EFFECT OF VOLUME OF THE MEDIA:
The effect of Fermentor volume on the production of alpha amylase by isolated MK 07 strain was evaluated. Maximum production of 1675 U/ml was achieved when the reactor volume was kept at 70%. As the volume of the Fermentor media was increased, the enzyme production was decreased.
The kinetic values of Y p/x, and Qp was also found to be significant when the volume of the Fermentor was maintained at 70%. When the medium volume percentage in the Fermentor was increased to 80% a decrease in amylase production was obtained. Most of the fermentation studies for enhanced amylase production were carried out by synthetic media (Haq et al. 1997 ). Hence, for further studies the volume of the media was maintained at 70% as shown in figure and table 4.4.2.
EFFECT OF RATE OF AGITATION:
Effect of varying rate of agitation was investigated for alpha amylase production in Fermentor by the isolated strain. The fermentation was carried out at 150, 200, 250 and 300 rpm. The production of enzyme following growth of the organism was found to be maximum of 1734 U/ml at an RPM of 250. When the agitation rate of the Fermentor was increased above 250 rpm a decrease in enzyme production was observed. Hence, for further studies the RPM was maintained at 250 as shown in figure and table 4.4.3. Kinetic study revealed the values of product yield coefficient (Y p/x), volumetric rate of enzyme (Qp), biomass formation (Qx) and specific rate of product formation (qp) was found maximum when the agitation intensity was maintained at 250 rpm. Agitation intensity influences the mixing and oxygen transfer rate in many fungal fermentations thereby influencing mycelial morphology and product formation (Justen et al, 1996) . Agitation intensities of up to 300 rpm have normally been reported in the literature for the production of amylase from various micro organisms (Ellaiah et al.
EFFECT OF DIFFERENT VOLUME OF AIR SUPPLY:
Effect of different range of air supply (0.5-2.5 LPM) to the fermentation medium for the production of alpha amylase by isolated MK 07 was studied. The production of alpha amylase enzyme following growth of the organism was optimum and maximum at 2.5 LPM (1576 U/ml) and further increase or decrease in air supply decreased the enzyme production.
The production of amylase enzyme steadily increased with increase in air supply, indicating the isolated strain to be an aerobic organism. Jin et al.
(1999) has reported that no morphological changes occur in Aspergillus strain in air-life bioreactors and that pellet size decreased considerably as the air velocity increased. Hence, for further studies the air supply was maintained at 2.5 LPM as shown in figure and table 4.4.4.
EFFECT OF DIFFERENT INOCULUM SIZES:
Effect of different sizes of inoculum on the production of alpha amylase by the isolated strain MK 07 was investigated. The production of enzyme following growth of the organism was increased with increase in inoculum volume up to 10% and upon further increase in inoculum volume enzyme production decreased. At low level of inoculum the production of enzyme was insignificant and at higher levels of inoculum percentage did not had any considerable increment in enzyme production. Under optimized inoculum sizes the amylase production increased as well as an increase in biomass was also observed. Kunamneni et al. (2005) 
SOLID STATE FERMENTATION
Most of the microbial products at industrial scale are generally produced using submerged fermentation due to its apparent advantages in consistent enzyme production characteristics with defined medium and process conditions (Maryam et al, 2010) . Further, it has advantages in downstream processing in spite of the cost-intensiveness for medium components (Reeta et al. 2009 ). However, solid-state fermentation has gained renewed interest and fresh attention from researchers because of its edge in biomass energy conservation, solid waste treatment and its application to produce secondary metabolites over submerged fermentation (Sivaramakrishnan et al, 2006) . Production of biocatalysts using agrobiotech substrates under solid-state fermentation conditions provide several advantages in productivity, cost-effectiveness in labour, time and medium components further the effluent production is less and thus it is eco friendly (Pandey et al., 2000) . However, these production characteristics would have to offer a competitive advantage over existing products (Lonsane et al, 1990) .
Hence, the present study was aimed to exploit the locally available, inexpensive agro-substrate for amylase production using Aspergillus sp. MK 07 under solid-state fermentation conditions.
EVALUATION OF DIFFERENT AGRICULTURAL RESIDUES AS SUBSTRATES FOR AMYLASE PRODUCTION
The selection of a suitable agricultural residue as a substrate for SSF is one of most critical factor to be considered. Several substrates have to be screened for high enzyme production through SSF (Prakasham et al, 2005) .
The availability and the cost of the raw material are the two important parameters that have to be considered while selecting a raw material in SSF 
INFLUENCE OF VARYING INOCULUM LEVELS
Varying concentrations of Inoculum levels were studied in this experiment and the various range of inoculum (% spores) selected in this experiment ranged from 3% to 15% .Enzyme production varied with percentage of inoculum and the maximum enzyme production was 106 U/g with 5% Inoculum. Increase of inoculum level from 5% to 10% or 15%
showed a marginal decrease in amylase production. Kunamneni et al. (2005) reported highest enzyme production with an inoculum level of 10% (v/v) and the maximum amylase production obtained was 281 U/g. The results are shown in figure and table 4.6.2.
ROLE OF INCUBATION PERIOD
Maximum enzyme production could be obtained only after a certain incubation time which allows the culture to grow at a study state .Enzyme production of each strain is based on the specific growth rate of the strain.
Growth rate and enzyme synthesis of the culture are the two main characteristics which are mainly influenced by incubation time (Ellaiah et al 2002) .The results of the present study showed that amylase production increased with increase in incubation time as shown in figure and table 4.6.3 linearly till 120 hrs and on further incubation there was a decrease in the amylase production. Maximum amylase production was obtained at 120 h (132 U/g). Adinarayana et al (2005) reported 120 h as optimal incubation period for amylase production by Aspergillus strain. Ellaiah et al. (2002) reported that for the starin T. lanuginosus the optimal incubation period for high amylase production was 120 h and the maximum amylase enzyme 
INFLUENCE OF INITIAL MOISTURE CONTENT
Initial Moisture content plays an important role in enzyme production during SSF. In SSF most of the microbial growth and product formation takes place at or near the surface of the solid substrate, thus it is very crucial to provide optimized water level that controls the water activity of the fermenting substrate for achieving maximum product, Prakasham et al (2005) .
In the present study maximum enzyme production was obtained with an initial moisture content of 70%. And the maximum enzyme production obtained was 116 U/g .Till 70% there was a linear increase in enzyme production and upon further increase there was a marginal decrease in enzyme production. Ellaiah et al (2002) reported in their studies that 80% of initial moisture content was optimum for their Aspergillus strain.
Kunamneni et al (2005) reported that 90% of the initial moisture content as optimum for Amylase production by Thermomyces lanuginosus and the maximum enzyme production obtained was 298 U/g. And the influence of moisture content on the isolated Aspergillus niger strain are shown in figure and table 4.6.4.
INFLUENCE OF pH
Growth and metabolism along with enzyme production is governed by an important factor called pH ( The influences of pH on isolated Aspergillus stain are shown in figure and table 4.6.5.
INFLUENCE OF TEMPERATURE
Temperature is one of the most important parameter to be optimized for maximum enzyme production. Optimum temperature for maximum enzyme production depends on the characteristics of the strain .In solid state fermentation temperature plays a very important role in enzymatic synthesis (Lonsane et al, 1990) .The isolated Aspergillus strain was tested in 
PARTIAL PURIFICATION OF ALPHA AMYLASE
The alpha amylase was partially purified by ammonium sulphate precipitation and Sepahdex G 100 X Chromatography . The specific activity of the enzyme was gradually increased after purifying the alpha amylase and found optimum after ammonium sulphate precipitation. The specific activity of the enzyme was found to increase after ammonium sulpahte precipitation. 
EFFECT OF TEMPERATURE ON THE ACTIVITY OF THE ENZYME
The residual activity of the partially purified alpha amylase enzyme was measured by incubating the enzyme at different temperatures. The results showed that the activity of the enzyme increased with increase in temperature.The partially purifed enzyme activity was found to be highly active between 70-75 o C. As the optimum activity was obtained at 75 o C thus this temperature was optimzed for the conversion of starch to oligosacharides 
